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/ ABSTRACT

\An axisymmetric body, fairwater, symmetric
stern appendages, two ring wings and ring wing
support struts were designed for the Defense . |
Advanced Research Projects Agency (DARPA S SUBOFF |
project. Two geometrically identical models, ?
designed to a linear scale ratiodA)>of 24, will
be constructed to allow simultaneous testing in
different facilities. Geometrical details of
all components, including defining equations
with computer code listings, are provided.
The locations of velocity measurement stations
and of surface pressure taps are also given.
This information is intended for use by both
the model test engineer and the CFD engineer. ,
}{0,;00(35: Submarie klku, MOMSJ' Sﬁr‘&o{d S‘f’ru.'f”;‘s/' o
Pressu L Mmoo SUFC rert) GyeomC/‘rnZ_;, .ngm_g, @c,){——

ADMINISTRATIVE INFORMATION
This work was funded under DARPA, Task Area S1974-030, -
Program Element 63569N, with internal DTRC Work Unit Number

1542-123.

, INTRODUCTION | '

£ The Submarine Technology Programizﬁrpﬂ?Office of DARPA funded

a concerted and coordinated,CGmputational,Fiuid,ﬁ&namics*%&Fﬁ?ﬁPéogram

to assist in the development of advanced submarines for the future.

The DARPA SUBOFF project will evaluate, in a competitive environment

directly against model test results, flow field predictions of an /

axisymmetric hull model with and without appendages. The model f;'

configurations were designed at DTRC and are giveﬂ in this report. “//j
The SUBOFF project will provide a forum for the CFD community

to compare the numerical predictions of the flow field over an

axisymmetric hull model with and without various typical appendage

components with experimental data. Thé CFD predictions of flow

fields of typical submarine configurations will be made without

the prior knowledge of the actual experimental data. Experimental
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and computational comparisons can then be made to demonstrate the
current CFD capability on design problems relevant to STP problem
areas.

The three-dimensional steady flow field for several geometrical
configurations will be investigated. These configurations are
(1) axisymmetric body at zero angle cf attack and drift,

(2) axisymmetric body with fairwater at several angles of attack

and zero drift, (3) axisymmetric body with symmetric stern appendages
at several angles of attack and zero drift, (4) axisymmetric body
with two different ring wings at zero angle of attack and drift, and
(5) cambered body of circular cross section in a uniform stream
with fairwater. Configuration 1 will serve as a baseline geometry
for the numerical evaluations. Configurations 2, 3, and 5 will
evaluate the non-axisymmetric properties of the numerical codes.

The ring wing of Confiquration 4 is added to alter the pressure
distribution and to assess its influence on flow separation.
Configurations 2 through 5 are designed to test the numerical
prediction codes to the maximum extent.

Two geometrically identical models, DTRC MODEL Nos. 5470 and
5471, will be constructed to allow for simultaneous testing in
different facilities. The models differ only in the location of
the surface pressure taps. It is planned that DTRC MODEL No. 5470
will be used in the Boeing Wind Tunnel, the DTRC Towing Tank, and
the Hydronautics Ship Model Basin and that DTRC MODEL No. 5471 will
be used in the DTRC Anechoic Flow Facility.

The equations and model details to define the axisymmetric

body, fairwater, symmetric stern appendages, two ring wings, and




ring wing support struts are given in the main body of this report.
The computer code listings to define the geometric components are
given in the Appendices. The detailed experimental test agenda

will be given in a separate report.

MODEL GEOMETRY

. The overall model geometry for the two SUBOFF models, DTRC
MODEL Nos. 5470 and 547,1 are identical. The two models differ
only in the location of the surface pressure taps. Each model
component is described by equations giving either the axial and
radial values for an axisymmetric component or the Cartesian
coordinates (x, y, 2) of nonaxisymmetric components. All
equations and computer code listings give model scale coordinates
in units of feet. A grid representation of the axisymmetric

hull, fairwater, and stern appendages is shown in Figure 1.

- Figure 1. Sample grid representation of
MODEL Nos. 5470 and 5471

AXISYMMETRIC HULL
The axisymmetric hull has an overall length of 14.291667 Ft
{4.356 m) and a maximum diameter of 1.666667 Ft (0.508 m). The




TABLE 1. Equations to define axisymmetric hull

x = Model Scale Axial Length in Feet
R = Model Scale Radial Length in Feet

Forebody Length = 3.333333 Ft (1.016 m)
Parallel Middle Body Length = 7.3125 Fr (2.229 m)
Afterbody Length = 2,645833 Ft (1.111 m)

Aft Perpendicular at x = 13.979167 Ft (4.461 m)
Total Body Length = 14.291666 (4.356 m)
Maximun Body Diameter = 1.666667 Ft (0.508 m)

A = (FULL/MODEL) SCALE RATIO = 24

BOW EQUATION

For 0 Ft < x < 3.333333 Ft

R = R, {1.126395101x(0.3x-1)" + 0.442876707x% (0.3x-1)3 + 1-(0.3x-1)"* (1.2x + 1)}
Rax = s
6

PARALLEL MIDDLE BODY EQUATICN

For 3.333333 Ft < x € 10.645833 Ft

R = Rvax
AFTERBODY EQUATYON

(valid up to and including aft perpendicular x = 13.979167 Ft)

For 10.645833 Ft < x < 13.979167 Ft

2 2
= <+ - 7
R =R :{ T, T KOE + (20 - 20x

2 i 3
w K, T 3R E

2 4 2 .5
+ (=45 + Z;Srh + GrhKo +K1) E + (36 36rh - ltrhKo - Kl) 3

2 1 611/2
+ (-10 + 10r,“ + K +—5-K) & }

r. = 0.,1175 K =10 K, = 45,6244
h o 1

¢ - 13.979167 - x
3.333333

5 X in Feet

AFTERBODY CAP

For 13.979167 Ft < x < 14.291667 Ft

R = 0.1175 1 - (3.2x - 44.733333)2]1/2
RHAX

4

1/2.1
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hull is composed of a forebody of length 2.333333 Ft (1.016 m),

a parallel middle body section of length 7.3125 Ft (2.229 m),

an afterbody of length 3.645833 Ft (1.111 m) and an afterbody

cap of length 0.3125 Ft (0.095 m). The equation for each hull
component, in terms of axial and radiai length, is provided in -
Table 1. Figure 2 shows the hull profile and Appendix 1 lists

the computer program to generate the huli offsets.

FAIRWATER

The fairwater is located on the hull at top dead center with
its leading edge positioned at x=3.03298€ Ft (0.924 m) and trailing
edge at x=4.241319 Ft (1.293 m) for a total length of 1.208333 Ft
(0.368 m). A sail cap attaches to the top of the sail at a
height y=1.507813 Ft {(0.460 m). 1In addition to the sail cap, the
fairwater is defined in terms of a forebody, a parallel middle
body, and an afterbody region. Table 2 gives the equations as
well as pertinent geometric details for the fairwater. Figure 3
shows the fairwater section profile and Fisure 4 gives the cross-
sectional shape of the cap over the length of the fairwater.
The computer code listing of the fairwater equations is given

in Appendix 2

STERN APPENDAGES

The stern appendages consist of four identical appendages
mounted on the model hull at angles of 0 degrees (top dead center),
90 degrees, 180 degrees, and 270 degiees. The basic stern

appendage assembly can be shifted to attach to the hull at




Table 2. Equations to define fairwater

— —a_..

(x,¥,z) = Cartesian coordinates in Ft

The sail is defined by 4 sections: the forebody, parallel middle body,
afterbody and cap. The sail dimeasions and equations follow.

Sail Forebo.y Length = .,325521 Ft (.099m)

Sail Parallel Middie Body Length = .200521 Ft (.061lm)
Sail Afterbody Length = .682292 Ft (.208m)
Total Sail Length = 1.208333 Ft (.368m)

Span of Sail with Uniform Profile = .674479 Fr (.206m)

Zpax = One-Half the Maximum Sail Thicksess = 0.109375 (.033m)

SAIL FOREBODY EQUATION

For 3.032286 Fr < x < 3.358507 Ft
y < 1.507813 Ft
2y = Zyay [2.094759(a) + .2071781(B) + (c)]/?
A =20 (-1
B=1/3 0 (1}
C = 1~ (D-1)" (4D*1)

D = 3.072600 (x-3.032986)




Table 2. (Continued)

SATL PARALLEL MIDDLE BODY EQUATION

For 3.358507 Ft < x < 3.559028 Ft
y < 1.507813 Ft

Zy = Zgax = 109375 Ft = 1.3125 inch

SATL AFTERBODY EQUATIOR

(Revised 11 Jamuary 1989)
For 3.550028 Ft < x < 4.241319 Ft
¥ < 1.507813 Fr
2y = .1093750 [2.238361 (E(E-1)*) +
+3.106529 (E2(2-1)%) +
(1-(£-1)* (4E+1))]

E = (4,241319-x)/0.6822917

SATL CAP EQUATION

The sail is closed at top with an ellipsoid defined as
For 3.032986 Ft £ x < 4.241319 Ft
1.507813 Fr <y < (23/2) + 1.507813 Ft
23 = [23% - (2(y-1.507813))2]*/2

Zi 1s defined previously as a function of x.

HULL/SATL INTERSECTION T

[Rgp()]? = 5% + 2,2

vhere Rgg(x) = the hull bow equation (See Table 1)
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three different axial positions as shown in Figure 5. The
stern appendage position with the appendage trailing edge at
x=13.146284 Ft (4.007 m) is denoted the baseline stern appendage
location. To provide for stern appendage movement to different
sternplane angles, the appendages are offset slightly from the
axisymmetric hull surface. The stern appendage with trailing
edge at x=13.562950 Pt (4.134 m) is contoured to fit the -
axisymmetric hull centerline exactly with a uniform clearance
at the centerline of 0.05 in (1.524 cm). The stern appendages
at the remaining two axial positions are cut along a straight
plane and the clearance between the hull and the appendage
centerlines varies with axial distance x. The gap between
the hull and the forward stern appendage, trailing edge at
x=12.729167 Ft (3.880 m), is 0.0584 in (1.780 cm) at the
leading edge centerline and 0.0632 in (1.928 cm) at the
trailing edge centerline. The gaps for the baseline stern
appendage location are 0.0287 in (0.875 ca) and 0.0355 in
(1.082 cm) for the leading and trailing edge centerlines,
respectively.

Both the nondimensional and dimensional section profiles
are given in Figure 6. The stern appendage equation is given

in Table 3 and the computer code listing is in Appendix 3.

RING WINGS

Two ring wings have been designed for the SUBOFF models. The -
wings, designated Ring Wing 1 and Ring Wing 2, have the same section
shape and differ only in their angle of attack. Table 4 gives the

defining equations for the two wings, Figure 7 shows the placement

12




Z/CHORD

(FEET)

Z
-0.05

0.2 0.3

0.25 -0.3 -0.2 -0. 0.0 0.

15

0.

0.05

-0.15

-0.25

Tt

NONDIMENSIONAL SECTION PROFILE

i 1 i ] i i t

01 0.2 03 0% 05 0.5 07 0.8 0.9
XI = (X-H)/CtY) + 1.0

-t

BASELINE SECTION PROFILE

] ]

1
12.6 2.7 12.8 12.9 13 13.1 13.2
X (FEET)
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Table 3. Equations to define stern appendages

These equations define the upper rudder stern appendage.
The three remaining stern appendages are located
on the hull at 90° azimuthal increcents.

— —a_ |
/= =

(x,¥,z) = Cartesian coordinates in ft.

STERN APPENDAGE EQUATION

283 - 0.29690 /E - 0.12600¢ - 0.35160 + 0.28520¢° — 0.104505"

x-h

z(y)

for 0 < & = +1.0<1

where h = x coordinate of the steran appendage trailing edge
c{y) = -0.466308y + 0.88859

= chord length

Three values of h are considered:
h = 12,729617
h = 13.1546284% = BASELINE

h = 13.562950 )

HULL/STERN APPENDAGE INTERSECTION -

(R, @)% = ¥ + [2(0))?

where Rga(E) = the hull afterbody equation (See Table 1)




Table 4. Equations tc define ring wings

x = Model Scale Axial Length in Feet
R = Model Scale Radial Length in Feet

Two Ring Wings are Defined:

Ring Wing 1: (XLE = 13.46990, - Ro= 0.4300%)
(xgp = 14.21661, R_ = 0.35659)
Ring Wing 2: (xLE = 13.46990, RLE = 0.47681)
(xTE = 14.2074, RTE = 0.33856)

BASIC GEOMETRY FOR RIRG WINRG

Canmber:

y (x) = -0.049921 [0.50° 2a|D| - 0.5 £2 n (E)

0.25 E% - 0.250°}

+

*

0.029953 [x &£nx + 0.227828 = 0.531076x]

vhere 0 S_x 5_1

D=0.4-x
E=1.0-x
Thickness:
y (%) = 0.1 ;21 b sinnw]  for 0.0 < x < 9.45

vhere w = cos—l [Zx-l]

n bn n by n by

1 0.43756 7 0.00156 i3 -0.00027
2 -0.08136 8 -0.00113 14 -0.00033
3 -0.06495 3 -0.00058 15 0.00005
4 -0.01926 10 0.00027 16 0.00014
5 -0.90185 11 0.00080 17 0.00008
6 0.00348 12 0.00006

15



Table 4. {(Continued)

y,(x) = 0.1 [0.033333 + 1.696969 (1-x) - 1.441945 (1-x)?

- 0.366363 (1-x)° + 0.333049 (1-x)"]

Upper and Lower Surfaces:

xU(x) =x - yt(x) sind
RU(x) = yc(x) + yt(x) cosB
xL(x) =x + yt(x) sinb

RL(x) = yc(x) - yt(x) cos9

Physical Ring Wing Geometry:

T c (xU(x) cosd - RU(x)

RDU = RLE +C (xn(x) sind + Ru(x)

S T c (xL(x) cosd - RL(x)

*ou

RL‘ +C (xL(x) sind + RL(x}

where

-1 RTE ~ RLE

*e ~ T

é = tan

(R - )" + (g = %)

16
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sind)
cosd)
sind}
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of the wings relative to the axisymmetric hull and baseline sterr
appendage location, and Appendix 4 gives the computer code listing

used to define the wing geometries.

RING WING STRUTS

Strut supports are. necessary to mount the ring wings to the
hull. Four separate, identical struts are mounted equally-spaced )
along the hull girth. The struts attach at the same axial
position on the hull, x=13.589 Ft (4.142 m) and have the same secton
profile for each ring wing. At the inner surface of each wing, the
struts are contoured to match each wing. The strut equations and
attachment locations to the hull and wings are given in Table 5.
Figure 8a shows the nondimensional section profile of the strut and
Figures 8b and 8c show the placement of the strut on Ring Wing 1 and
Ring Wing 2, respectively. Figure 9 gives a typical cross section
showing the arrangement of the strut to the hull and the ring wing.
Also indicated in Figure 9 are the placement and designation of

surface pressure taps on the wings relative to the struts. Finally,

the computer code listing for the strut geometry is given in Appendix 5.

VELOCITY MEASUREMENT STATIONS
A critical goal of the DARPA SUBOFF project is to evaluate
the CFD code predictions cof velocities relative to experimental )
velocity data. These measurements will include axial and radial
mean velocities, three ccmponents of turbulence intensities and
one Reynolds stress (axial-radial) on the transverse plane at

five axial locaticns. These locations are the aft perpendicular

18




Table 5. Equations to define ring wing struts

DEFINITION DARPA2 STRUT

MODEL SCALE EQUATIONS

/{”Q =@

(x,y,z) Cartesian coordinates in Ft

These equations define a single strut which attaches to the DARPA2
axisymmetric hull along the upper surface {i.2., the surface with the fair-
water). Four identical, equally-spaced struts will atcach the hull to the
rirg wing at a 45° increment from the wing surface pressure tap locations.

o
]

Xy * 0.243995 &

1}

yg ~ 0.054465 &

z =% 0.15 (0.29690 ¥ £ -~ 0.125600 £

- 6.35160 £2 + 0.28520£% - 0.19450 £°)

vwhere x, = 0.223221 Yo * 13.556128

0
Ry Ly &Ry
Ring Wing 1: Rl = 0.14726 , R2 = 0.36886
Ring Wing 2: Rl = 0.14726 , R2 = 0.39755
0¢g=_X_%0

- 0.243995 L1

19




Table 5. (Continued)

Strut leading edge attaches to:

Hull at  x = 13.589, R = 0.14726
Ring Wing 1 at x = 13.63845, R = 0.36886 (x/c = 0.233)
Ring Wing 2 at x = 13.64487, R = 0.39755 (x/c = 0.25)
Strut trailing edge attaches to:
Hull at x = 13.83582, R = 0.10547
Ring Wing 1 at x = 13.88818, R = 0.34002 (x/c = 0.5651)
Ring Wing 2 at x = 13.89023, R = 0.34932 (x/c = 0.58u«)
HULL/STRUT INTERSECTION
[RHA(X)]Z = y2 + 22
where RHA(x) = the hull afterbody equatiom
(See Table 1)
RING WING/STRGT INTERSECTION
[R'ﬂ,(")]z =y 4 d
where RHL(X) = the ring wing lower surface equation

(See Table &)
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Figure 8. Ring wing struts
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x=13,979167 Ft (4.261 m), two stations [x=12.0 Ft (3.658 m) and
x=12.916667 Ft {3.937 m)] upstream of and two stations
[x=15.666667 Ft (4.775 m) and x=18.583333 Ft (5.664 m)])

downstrean from the aft perpendicular. The relative positions

cf the velocity measurement stations on the hull are shown in
Figure 10. The location of boundary-layer transition from laminar
to turbulent flow will be artificially induced by a 0.025 in

{0.0635 cm) trip wire located at x=8.5 in (21.59 cm).

PRESSURE TAP LOCATIONS

For both DTRC MODEL No. 5471 (the wind turnel model) and
DTRC MODEL No. 5470 (the towing basin model), a number of
pressure taps are located on the hull surface. On both models,
the pressure taps are located on the hull surface (H), the
fairwater surface (FW) and the baseline stern appendage surface (SA).
On MODEL No. 5471, taps are also located on the fairwater/hull
intersection surface (FH) and the baseline stern appendage/hull
intersection surface (AH). In addition, surface pressure taps are
located on both Ring Wing 1 and Ring Wing 2.

An alphanumeric identification system is adopted to identify
each surface pressure tap. Pressure taps on MODEL No. 5470 (the
towing basin model) are prefixed with a TB’ to easily distin-
guish them from MODEL No. 5471 (the wind tunnel model). Pressure
taps on Ring Wing 1 are prefixed with a W1’ and taps on Ring Wing 2
are prefixed with a 'W2’. Model scale Cartesian offsets in units

of feet are given for each surface pressure tap location.




MODEL NO. 5471

A total of 222 surface pressure taps are located on the
wind tunnel MODEL No. 5471. Table 6 presents the surface pressure
tap identification scheme used for MODEL No. 5471. Table 7 and
Figure 11 identify the tap locations on .the axisymmetric hull,
Table 8 and Figure 12 identify the tap locations on the fairwater
surface, Table 9 and Figure 13 show the tap locations in the
fairwater/hull intersection region, Table 10 and Figure 14 give
the tap locations on the baseline stern appendage, and, finally,

Table 11 and Figure 15 identify the taps locations in the baseline

Table 6. Surface pressure tap identification scheme -
MODEL No. 5471

Pressure Tap Pressure Tap Number of
Identification Location Pressure Taps
HUi Upper hull surface 21
RPi Port side hull surface 7
HLi Lower hull surface 7
HSi Starboard side hull surface 7
FWi Fairwater (sail) surface 30
FBi Fairwater/hull intersection region 76
SAi Upper rudder stern appendage 33
AHi Stern appendage/hull intersection 41

region
Total surface pressure taps 222

DTRC MODEL No. 5471
{wind tunnel model)

stern appendage/hull region.




Table 7. Axisymmetric hull pressure tap locations - MODEL No. 5471

Tap No. x Y z
HU1 0.00000 0.00000 0.00000
HU2 0.50000 0.53273 0.00000
BP2 0.50000 0.00000 0.53273
BL2 0.50000 -0.53273 0.00000
HS2 0.50000 0.00000 -0.53273
HU3 1.00000 0.6483¢ 6.60000
HU4 1.50000 0.71857 0.00000
HUS 2.58333 0.81862 0.00000
HPS 2.58333 0.00000 0.81862
HLS 2.58333 -0.81862 0.00000
HSS. 2.58333 :0.00000 ~0.81862
HU6 3.41667 .0.83333 0.00000
HU7 5.75000 0.83333 0.00000
HUS8 7.16667 0.83333 0.00000
HP8 7.16667 0.00000 0.83333
HLS8 7.16667 -0.83333 0.00000
HS8 7.16667 0.00000 -0.83333
BUY 8.58333 0.83333 0.00000
HU10 10.00000 0.83333 0.00000
HUl1 10.58333 0.83333 0.00000
HP11 10.58333 0.00000 0.83333
HL11 10.58333 -0.83333 0.00000
HS11 10.58333 0.00000 -0.83333
HU12 11.16667 0.81635 0.00000
HP12 11.16667 0.00000 0.81635
HL12 11.16667 -0.81635 0.00000
HS12 11.16667 0.00000 ~-0.81635
HU13 11.50000 0.77254 0.00000
HU14 12.00000 0.65467 0.00000
HP14 12.00000 0.00000 0.65467
HL14 12.00000 ~0.65467 0.00000
HS14 12.00000 0.00000 -0.65467
HU1S5 12.25000 0.57766 0.00000
HU16 12.50000 0.49338 0.00000
HU17 12.91667 0.34795 0.00000
HP17 12.91667 0.00000 0.34795
HL17 12.91667 -0.34795 0.00000
HS17 12.91667 0.00000 -0.34795
HU18 13.25000 0.23871 0.00000
HU19 13.66667 0.13103 0.00000
HU20 13.97917 0.09792 0.00000
HU21 14.29167 0.00900 0.00000

Note: All dimensions are model scale in feet
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Table 8.

Tap No.

FWl

FW2

FW3

FW4

FW5

FWé6

FW7

FW8

FW9

FW10
FW1ll
FW12
FWl3
FW14
FW15
FW16
FW17
FwW18
FW19
FW20
FW21
FW22
FW23
FW24
FW25
FW26
FW27
Fw28
FW29
FW30

Note:

X

3.03299
3.03299
3.03299
3.03299
3.03299
53.12965
3.12965
3.12965
3.12965
3.12965
3.33507
3.33507
3.33507
3.33507
3.33507
3.63715
3.63715
3.63715
3.63715
3.63715
3.93924
3.93924
3.93924
3.93924
3.93924
4.24132
4.24132
4.24132
4.24132
4.24132

Y

-1.44036

28

1.30549
1.17057
1.03567
0.90078
1.44036
1.30549
1.17057
1.03567
0.90078
1.44036
1.30549
1.17057
1.03567
0.90078
1.44036
1.30549
1.17057
1.03567
0.90078
1.44036
1.30549
1.17057
1.03567
0.90078
1.44036
1.30549
1.17057
1.03567
0.90078

Fairwater pressure tap locations - MODEL No. 5471

2

0.00006
0.00000
0.00000
0.00000
0.00000
0.09581
0.09581
0.09581
0.09581
0.09581

-0.106937

0.10937
0.10937
0.10937
G.10937
0.10893
0.10893
0.10893
0.10893
0.10893
0.07908
0.07908
0.07908
0.07908
0.07908
0.06000
0.00000
0.0c000
0.00000
0.00000

All dimensions are model scale in feet
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Table 9. Fairwater/hull intersectiorn region pressure tap
locations - MODEL No. 5471
Tap No. x Y 2z
FH1 3.03299 0.87379 0.00909
FH2 3.03299 0.85295 0.0C6000
FH3 3.03299 0.84045 0.00000
FH4 3.02466 0.83202 0.00000
FHS 3.01632 0.83192 0.000060
FH6 3.00799 0.83181 0.00000
FH7 2.99132 0.83158 0.00000
FHS 2.97049 0.8312€ 0.00000
FHY 2.94966 0.83091 0.00000
FH10 2.90799 0.83011 0.00900
FH11 2.86632 0.82917 0.00000
FH12 3.01325 0.83102 0.03782
FH13 2.98770 0.83025 0.04612
FH14 2.96221 0.82934 0.05440
FH15 2.91136 €.82715 0.07093
FH16 3.04311 0.82985 0.06288
FH17 3.03168 0.82905 0.07118
FH18 3.02028 0.82816 0.07946
FH19 2.99752 0.82611 0.09600
FH20 3.07036 0.82849 0.08161
FH21 3.06434 0.82758 0.08989
FH22 3.05833 0.82658 0.09816
FH23 3.04633 0.82433 0.11468
FH24 3.09835 0.82732 0.09479
FH25 3.09616 0.82631 0.10307
FH26 3.09347 0.82521 0.11135
FH27 3.08812 0.82278 0.12782
FH28 3.12965 0.86908 0.09581
FH29 3.12965 0.84824 0.09581
FH30 3.12965 0.83574 0.09561
FH31 3.12965 0.82641 0.10408
FH32 3.12965 0.82533 0.11234
FH33 3.12965 0.82416 0.12060
FH34 3.12965 0.82158 0.13706
FH35 3.33507 0.86779 0.10937
FH36 3.33507 0.84635 0.10937
FH37 3.33507 0.83445 0.10937
FH38 3.33507 0.82247 0.13409
FH39 3.33507 0.81962 0.15052
FH40 3.33507 0.81561 0.17095

Note: All dimensions are model scale in feet
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Tap No.

FH41l
FH42
FH43
FH44
FH45
FH46
FH47
FH48
FH49
FH50
FH51
FH52
FHS3
FH54
FH55
FH56
FHS57
FHS8
FH59
FH60
FH61
FH62
FH63
FH64
FH65
FH66
FH67
FH68
FH69
FH70
FH71
FH72
FH73
FH74
FH75
FH76

Note:

Table 9.

X

3.33507
3.63715
3.63715
3.63715
3.63715
3.63715
3.63715
3.63715
3.93924
3.93924
3.93924
3.93924
3.93924
3.93924
3.93924
4.84549
5.44965
4.84549
5.44965
4.84549
5.44965
4.84549
5.44965
4.84549
5.44965
4.84549
5.44965
4.24132
4.24132
4.24132
4.24965
4.26215
4.28299
4.32365
4.84549
5.44965

(Continued)
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y

0.81108
0.86788
0.84704
0.83454
0.82257
0.81973
0.81573
0.81122
0.87130
0.85046
0.83796
0.82690
0.82467
0.82141
0.81765
0.72169
0.72169
0.75525
0.75525
0.78307
0.78307
0.80493
0.80493
0.82067
0.82067
0.83016
0.83016
0.87501
0.85417
0.84167
0.83333
0.83333
0.83333
0.83333
0.83333
0.83333

.z

0.19128
0.10877
0.10877
0.10877
0.13351
0.14993
0.17037
0.19070
0.07850
0.07850
0.07850
0.10335
0.11987
0.14044
0.16092
0.41667
0.41667
0.35218
0.35218
0.28502
0.28502
0.21568
0.21568
0.14471
0.14471
0.07263
0.07263
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

- 0.00000

All dimensions are model scale in feet
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Table 10.

Tap No.

sal

Sa2

SA3

Sa4

Sa5

SAb6

SA7

SA8

SA9

SAl0
SAll
SAl2
SAl3
SAl4
SAlS
SAl6
SAl7
SAl8
SAl9
SA20
SA21
SA22
SA23
SA24
SA25
SA26
SA27
SA28
SA29
SA30
SA31l
SA32
SA33

Note:

X

12.62576
12.58471
12.54366
12.52255
12.50435
12.60283
12.58388
12.56691
12.69903
12.67951
12.66000
12.64528
12.63161
12.77128
12.77128
12.77128
12.77128
12.77128
12.89628
12.89628
12.89628
12.89628
12.89628
13.02184
13.02184
13.02128
13.02128
13.02128
13.14628
13.14628
13.14628
13.14628
13.14628

5471
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Y

0.78932
0.70129
0.61327
0.56799
0.52896
0.61327
0.55745
0.50746
0.78932
0.70129
0.61327
0.54690
0.48522
0.78932

0.70129

0.61327
0.52525
0.43722
0.78932
0.70129
0.61327
0.50376
0.39426
0.78932
0.70129
0.61327
0.48229
0.35130
0.78932
0.70129
0.61327
0.46081
0.30834

All dimensions are model scale in feet

Baseline stern appendage pressure tap locations -
MODEL No.

<

0.00000
0.00000
0.00000
0.00000
0.00000
0.04672
0.04999
0.05285
0.04552
0.05167
0.05721
0.06112
0.06459
0.05199
0.05596
0.05903
0.06149
0.06352
0.04476
0.04595
0.04694
0.04797
0.04884
0.02621
0.02648
0.02672
0.02703
0.02729
0.00000
0.00000
0.00000
0.00000
0.00000



ve

0S°¢1

1.9 °*ON T2a0W - sde3 aanssaxd ?3wpuadde uiais aujprosey ‘91 2an813

(Ld) X

G ¢l el VARA 0S°2¢l T | ci

] ] ] I ! o
O
N
N
= . 8ivs o o
s s e o%m bl

ZIVS ;ys

ofvs 11ve ofs

® ®
B 0 S1VS G1VS O
{ | ! L | 1

10741

A

(LJd1




Table 11. Baseline stern appendage/hull region pressure
tap locations - MODEL No. 5471

Tap No. x Y z
AH1 12.50707 0.53479 0.00000
AH2 12.49827 0.51591 0.00000
AH3 12.46977 0.53382 0.00000
AR4 12.45006 0.51060 0.00000
AHS 12.41065 0.52408 0.00000
AH6 12.37119 0.53746 0.00000
AH7 12.77128 0.43490 0.06357
A48 12.77128 0.41406 0.06400
AHR9 12.77128 0.38218 0.11278
AH10 12.77128 0.36519 0.15941
AH11 12.77128 0.34255 0.20356
AH12 12.77128 0.31460 0.24456
AH13 12.77128 0.28176 0.28176
AH1 1 12.89628 0.39322 0.04885
AH1S 12.89628 0.37238 0.04900
AH16 12.89628 0.34228 0.09407
AH17 12.89628 0.32729 0.13742
AH18 12.89628 6.30684 0.17847
AH19 12.89628 0.28127 0.21654
AH29 12.89628 0.25100 0.25100
AR21 13.02182 0.35286 0.02718
EH22 13.02182 0.33202 0.02722
AH23 13.02182 0.3043%6 0.07038
AH24 12.02182 0.29161 0.11203
AH25 13.02182 0.27320 0.15150
AB26 13.02182 0.24947 0.18802
AH27 13.02182 0.22089 0.22089
AH28 13.16711 0.22916 0.13230
AH29 13.18795 0.22343 0.12900
AH30 13.22961 0.2121¢6 0.1224%
AH31 13.16711 0.24865 0.09050
AH32 13.2879¢ 0.24244 0.08824
AH33 13.22561 0.23C21 0.08379
AH34 13.316711 0.26059 0.04595
Aad3s 13.18795 0.25408 0.04489
AH36 13.22961 0.24126 0.04254
AH37 13.14628 0.31296 0.00000
A538 13.14628 0.29212 0.00000
AH39 13.15711 0.26461 0.00000
AB4(Q 13.18795 ¢ 25800 0.060000
AR4] 13.22¢%61 0.24498 0.00000

Note: All dimensions are model scale in feet
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36




MODEL NO. 5470
The pressure taps on DTRC MODEL No. 5470 (the towing

basin model) are located on the hull surface (TBH-), the port
side of the fairwater (TBFWP), the starboard side of the
fairwater (TBFWS), the port side of the baseline upper rudder
stern appendage (TBSAP), and the starboard side of the baseline
upper rudder stern appendage (TBSAS). A total of 266 pressure
taps are located on MODEL No. 5470 as given in Table 12. The
axisymmetric hull surface pressure taps are located at 8 axial
positions and up to 32 azimuthal positions as shown in Figure 16.

The port side pressure taps on the fairwater are located at the

Table 12. Surface pressure tap identification scheme -
MODEL No. 5470

Pressure Tap Pressure Tap Number of
Identification Location Pressure Taps
TBH-1j Hull surface 170

i is an alphabetic character
denoting axial position and
j is a numerical character

denoting azimuthal position

TBFWPi Port side fairwater (sail) surface 30

TBFWSi Starboard side fairwater (sail) 20
surface

TBSAPi Port side of upper rudder stern 28
appendage

TBSASi Starboard side of upper rudder 18

stern appendage

Total surface pressure taps 266
DTRC MODEL No. 5470
(towing basin model)
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Table 13. Axisymmetric hull pressure tap locations - MODEL NO. 5470
Tap No. x Y z
TBH-A1 0.00000 0.00000 0.00000
TBH-B1 0.50000 0.53273 0.00000
TBH-B2 0.50000 0.53070 0.04643
TBB~B3 G6.50000 0.52464 0.09251
TBH-B4 0.50000 0.50060 0.18220
TBH-BS 0.50000 0.37670 0.37670
TBH-B6 0.50000 0.182290 ¢.50060
TBH-B7 0.50000 0.09251 0.52464
TBH-B& 0.50000 0.04643 0.53070
TBH~B9 0.50000 0.00000 0.53273
TBH-B10 0.50000 -0.04643 0.53070
TBH-B11 0.50000 -0.09251 0.52464
TBH-B12 0.50000 -0.18220 0.50060
TBH-B13 0.50000 -0.37670 0.37670
TBH-B14 0.50000 ~0.50060 0.18220
TBH-B1S 0.50000 -0.52464 0.09251
TBH-B16 0.50000 -0.53070 0.04643
TBH-B17 0.50000 -0.53273 0.00000
TBH-B18 0.50000 -0.53070 -0.04€43
TBH-B19 0.50000 -0.52464 -0.09251
TBH-B20 0.50000 ~-0.50060 -0.18220
TBH-B21 0.50000 -0.37670 -6.37670
TBH-B22 0.50000 -0.18220 -0.50060
TBH-B23 0.50000 -0.09251 ~-0.52464
TBH-B24 0.50000 -0.04643 -0.53070
TBH-B25 0.50000 0.00000 -0.53273
TBH-B26 0.50000 0.04643 -0.53070
TBH-B27 0.50000 0.09251 ~-0.52464
TBH-B28 0.50000 0.18220 -0.50060
TBH-B29 0.50000 0.37670 -0.37670
TBH-B30 0.50000 0.50060 -0.18220
TBH-B31 0.50000 0.52464 -0.09251
TBH-B32 0.50000 0.53070 -0.04643
TBH-C1 2.58333 0.81862 0.00000
TBH-C2 2.58333 0.81550 0.07135
TBH-C3 2.58333 0.80618 0.14215
TBH-C4 2.58333 0.76925 0.27998
TBH-CS 2.58333 0.57885 0.57885
TBH-C6 2.58333 0.27998 0.76925
TBE-C7 2.58333 0.14215 0.80618
TBH-CS8 2.58333 0.07135 0.81550
TBH-CY 2.58333 0.00000 0.81862
TBH-C10 2.58333 -6.07135 0.81550
TBH-C11 2.58333 -0.14215 0.80618

Note: All dimensions are model scale in feet
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Tap No.

TBH-C12
TBH-C13
TBH-C14
TBH-C15
TBH-C16
TBH-C17
TBH-C18
TBH-C19
TBH-C20
TBH-C21
TBH-C22
TBH-C23
TBH-C24
TBH-C25
TBH-C26
TBH-C27
TBH-C28
TBH~C29
TBH-C30
TBH-C31
TBH-C32
TBH-D1

TBH-D2

TBE-D3

TBH-D4

TBH-D5

TBH-D6

TBH-D7

TBH-D8

TBH-D9

TBH-D10
TBH-D11
TBH-D12
TBH-D13
TBH-D14
TBH-D15
TBH-D16
TBH-D17
TBH-D18
TBH-D19
TBH-D20
TBH-D21
TBH-D22
TBH-D23

Ncte: All dimensions are model scale in feet

Table 13.

b 4

2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333

2.58333.

2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
2.58333
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000

{Continued)

Y

-0.27998
-0.57885
-0.76925
-0.80618
-0.81550
-0.81862
-0.815590

-0.80618

~-0.76925
-0.57885
-0.27998
-0.14215
-0.07135
0.00000
0.07135
0.14215
0.27998
0.57885
0.76925
0.80618
0.81550
0.33333
0.83016
0.82067
0.78307
0.58925
0.28502
0.14471
0.07263
0.00000
-0.07263
-0.14471
-0.28502
-0.58925
-0.78307
-0.82067
-0.83016
-0.83333
-0.83016
-0.82067
-0.78307
-0.58925
-0.28502
-0.14471

r4

0.76925
0.57885
0.27998
0.14215
0.07135
0.00000
-0.07135
-0.14215
-0.27998

- =-0.57885

-0.76925
-0.80618
-0.81550
-0.81862
-0.81550
-0.80618
-0.76925
-0.57885
-0.27998
-0.14215
-0.07135
0.00000
0.07263
0.14471
0.28502
0.58925
0.78307
0.82067
0.83016
0.83333
0.83016
0.82067
0.78307
0.58925
0.28502
0.14471
0.07263
0.00000
-0.07263
-0.14471
-0.28502
-0.58925
-0.78307
-0.82067




Tap No.

TBH-D24
TBH-D25
TBH-D26
TBHE-D27
TBH-D28
TBH-D29
TBH-D30
TBH-D31
TBH-D32
TBH-E1

TBH-E2

TBH-E3

TBH-E4

TBH-ES

TEH-26

TBH-E7

TBH-ES8

TBH-E9

TBH-E10
TBH-E11
TBH-E12
TBH-E13
TBH-E14
TBH-E15
TBH-E1€
TBH-E17
TBH-E18
TBH-E19
TBE-E20
TBB-E21
TBH-E22
TBH-E23
TBH-E24
TBH-E25
TBH-E26
TBH-E27
TBH-E28
TBH-~E29
TBH-E20
TBH-E31
TBH-E32
TBH~F1

TBH-F2

TBH~-F3

Note:

Table 13.

b. 4

5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
5.00000
9.00000
9.00000
9.00000
9.00000
9.00090
9.00000
9.00000
9.006000
9.00000
9.00000
9.00000
9.00000
9.00000
9.00000
9.00000
9.00000
9.00000
g9.00000
9.00000
9.00000
9.00000
9.00000
3.00000
9.00000
$.00000
9.00000
9.00000
9.00000
9.00000
9.00000
9.00000
9.00000
12.00000
12.00000
12.00000

{Continued)

y

-0.07263
0.900000
0.07263
0.14471
0.28502
0.58925
0.78307
0.82067
0.83016
0.83333
0.83016
0.82067
0.78307
0.58925
0.28502
0.14471
0.07263
0.00000

-0.07263

-0.14471

-0.28502

-0.58925

-0.78307

-0.82067

-0.83016

-0.83333

-0.83016

~0.82067

-0.78307

-0.58925

-0.28502

-0.14471

-0.07263
0.00000
0.07263
0.14471
0.28502
0.58925
0.78307
0.82067
0.83016
0.65467
0.65218
0.64472

F4

-0.83016
-0.83333
-0.83016
-0.82067
-0.78307
-0.58925
-0.28502
-0.14471
-06.07263
0.00000
0.07263
0.14471
0.28502
0.58925
0.78307
0.82067
0.83016
0.83333
0.683016
0.82067
0.78307
0.58925
0.28502
0.14471
0.07263
0.00000
~0.07263
-0.14471
-0.28502
-0.58925
-0.78307
-0.82067
-0.83016
-0.83333
-0.83016
-0.82067
-0.78307
-0.58925
-0.28502
-0.14471
-0.07263
0.00000
0.05706
0.11368

All dimensions are model scale in feet




Tap No.

TBH-F4

TBH-FS

TBH-F6

TBH-F7

TBH-F8

TBH-F9

TBH-F10
TBH-F11
TBH-F12
TBH-F13
TBH-F14
TBH-F15
TBH-F16
TBH-F17
TBH-F18
T8H-F19
TBH-F20
TBH-F21
TBH-F22
TBH-F23
TBH-F24
TBH-F25
TBH-F26
TBH-F27
TBH-F28
TBH-F29
TBH-F30
TBH-F31
TBB-F32
TBH-G1

TBE-GS

TBH-G9

TBH-G13
TBE-G17
TBH-G21
TBH-G25
TBH-G29
TBH-H1

Note: All dimensions are model scale in feet

Table 13.

X

12.00000
12.00000
12.00000
12.00000
12.00000
12.00000
12.00663
12.00000
12.00000
12.00000
12.00000
12.00090
12.00000
12.00000
12.00000
12.00000
12.00000
12.00000
12.00000
12.900000
12.00000
12.00000
12.00000
12.00000
12.00000
12.00000
12.00000
12.00000
12.00000
13.64583
13.64583
13.64583
13.64583
i3.64583
13.64583
13.64583
13.64583
14.29167

{(Continued)
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Y

0.61519
0.46292
0.22391
0.11368
0.05706
0.00000
-6.05706
-0.11368
-0.22391
-0.46292
-0.61519
-0.64472
-0.65218
-0.65467
-0.65218
-0.64472
-0.61519
-0.46292
-0.22391
-0.11368
-0.05706
0.00000
0.05706
0.113638
0.22391
0.46292
0.61519
0.64472
0.65218
0.13515
0.09557
0.00000
-0.09557
-0.13515
-0.09557
0.00000
0.09557
0.00000

4

0.22391
0.46292
0.61519
0.64472
0.65218
0.65467
0.565218
0.64472
0.61519
0.46292
0.22391
0.11368
0.05706
0.00000
-0.05706
-0.11368
-0.22391
-0.46292
-0.61519
-0.64472
~-0.65218
-0.65467
-0.65218
-0.64472
-0.61519
-0.46292
-0.22391
-0.11368
-0.05706
0.00000
0.09557
0.13515
0.09557
0.00000
-0.09557
-0.13515
-0.09557
0.00000




Table 14. Fairwater pressure tap locations - MODEL No. 5470

Table 14a. Port side

Tap No. x Yy z
TBFWP1 3.03299 1.44036 0.00000
TBFWP2 3.03299 1.30549 0.00000
TBFWP3 3.03299 1.17057 0.00000
TBFWP4 3.03299 1.03567 0.00000
TBFWPS 3.03299 0.90078 0.00000
TBFWP6 3.12965 1.44036 0.09581
TBFWP7 3.12965 1.30549 0.09581
TBFWP8 3.12965 1.17057 0.09581
TBFWP9 3.12965 . 1.03567 0.09581
TBFWP10 3.12965 . 0.90078 0.09581
TBFWP11 3.33507 1.44036 0.10937
TBFWP12 3.33507 1.30549 0.20937
TBFWP13 3.33507 1.17057 0.10937
TBFWP14 3.33507 1.03567 0.10937
TBFWP15 3.33507 0.30078 0.10937
TBFWP16 3.63715 1.44036 0.10893
TBFW1P7 3.63715 1.30549 0.10893
TBFWP18 3.63715 1.17057 0.10893
TBFWP19 3.63715 1.03567 0.10893
TBFWP20 3.63715 0.90078 0.10893
TBFWP21 3.93924 1.44036 0.07908
TBFWP22 3.93924 1.30549 0.07908
TBFWP23 3.93924 1.17057 0.073908
TBFWP24 3.93924 1.03567 0.07908
TBFWP25 3.93924 0.90078 0.07908
TBFWP26 4.24132 1.44036 0.00000
TBFWP27 4.24132 1.30549 0.00000
TBFWP28 4.24132 1.17057 0.00000
TBFWP29 4.24132 1.03567 0.00000
TBFWP30 4.24132 0.90078 0.00000

Note:

All dimensions are model scale in feet




fap No.

TBFWS6

TBFWS7?

TBFWS8

TBFWS9

TBFWS10
TBFWS11
TBFWS12
TBFWS13
TBFWS14
TBFWS15
TBFAWS16
TBFWS17
TBFWS18
TBFWS19
TBFWS20
TBFWS21
TBFAWS22
TBFWS23
TBFWS24
TBFWRS25

Note:

Table 14.
Table 14b.

X

3.12965
3.12965
3.12965
3.12965
3.12965
3.33507
3.33507
3.33507
3.33507
3.33507
3.63715
3.63715
3.63715
3.63715
3.63715
3.93924
3.93924
3.93924
3.93924
3.93924

{Continued)

Starboard side
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y

1.44036
1.30549
1.17057
1.03567
0.90678
1.44036
1.30549
1.17057
1.03567
0.90078
1.44036
1.30549
1.17057
1.03567
0.90078
1.44036
1.30549
1.17057
1.03567
0.90078

All dimensions are model scale in feet

2

-0.09581
-0.09581
-0.09581
-0.09581
-0.09581
-0.10937
-0.10937
-0.10937
-0.10937
-0.10937
-0.10893
-0.10893
-0.10893
-0.10893
-0.10893
-0.07908
-0.07908
-0.07908
-0.07908
-0.07908




Table 15. Baseline stern appendage pressure tap locations -
MODEL No. 5470

Table 15a. Port side

45

Tap No. x b 2
TBSAP1 12.62576 0.78932 0.00000
TBSAP2 12.58471 0.70129 0.00000
TBSAP3 12.54366 0.61327 0.00000
TBSAP4 12.52255 0.8€799 £.000090
TBSAPS 12.50435 0.52896 0.00000
TBSAP6 12.60283 0.61327 0.04672
. TBSAP7 12.58388 0.55745 0.04999%
TBSAPS 12.56691 0.50746 0.05285
TBSAPI 12.69903 0.78932 0.04552 .
TBSAP10 12.67951 0.70129 0.05167
TBSAP11 12.66000 0.61327 0.05721
TBSAP12 12.64528 0.5469¢0 0.06112
TBSAP13 12.63161 0.48522 0.06459
TBSAP19 12.89628 0.78932 0.04476
TBSAP20 12.89628 0.70129 0.04595
TBSAP21 12.89628 0.61327 0.04694
TBSAP22 12.389628 0.50376 0.04797
TBSAP23 12.89628 0.39426 0.04884
TBSAP24 13.02184 0.78932 0.02621
TBSAP25 13.02184 0.70129 0.02648
TBSAF26 13.02128 0.61327 0.02672
TBSAPZ27 13.02128 0.48229 0.02703
TBSAP28 13.02128 0.35130 0.02729
TBSAP29 13.14628 0.78932 0.00000
TBSAP30 13.14628 0.70129 0.060000
TBSAP31 13.14628 0.61327 0.00000
TBSAP32 13.14628 0.46081 0.00000
TBSAP33 13.140628 0.30834 0.00000
Note: All dimensions are model scale in feet



Tap No.

TBSAS6
TBSAS7
TBSASS
TBSASY
TBSAS10
TBSAS11
TBSAS12
TBSAS13
TBSAS19
TBSAS20

TBSAS21 -

TBSAS22
TBSAS23
TBSAS24
TBSAS25
TBSAS26
TBSAS27
TBSAS28

Note:

Table 15.

Table 15b.

X

12.60283
12.58388
12.56691
12.69903
12.67951
12.66000
12.64528
12.63161
12.89628
12.89628
12.89628
12.89628
12.89628
13.02184
13.02184
13.02128
13.02128
13.02128
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(Continued)

Starboard side

b4

0.61327
0.55745
0.50746
0.78932
0.70129
0.61327
0.54590
0.48522
0.78932
0.70129
0.61327
0.50376
0.39426
0.78932
0.70129
0.61327
0.48229
0.35130

All dimensions are model scalie in feet

z

-0.04672
-0.04999
-0.05285
~0.04552
-0.05167
-0.05721
-0.06112
~0.06459
-0.04476
-0.04595
-0.04694
-0.04797
-0.04884
-0.02621
-0.02648
~-0.02672
-0.02703
-0.02729




same positions as on the wind tunnel model. On the MODEL No. 5470
baseline stern appendage, there are no sur.” ‘e pressure taps at the
location x=12.77128 Ft (3.893 m) whereas there are pressure taps at
this location on thie MODEL No. 5471 baseline stern appendage.
However, for convenience, the tap identification scheme remains the
same as on MODEL No.5471. The starboard side pressure taps on these
two appendages occur at the same pusitions as on the port surface.
Therefore, figures of the surface pressure taps on the fairwater and
baseline stern appendage cf MODEL No. 5470 are not given. However,
to avoid any confusion, Cartesian offsets are given for each surface
pressure tap location ca MODEL No. 5478 in Tables 13 through 15 for
the axisymmetric hull, the fairwater, and the baseline stern appendage,

respectively.

RING WINGS
There are 37 surface pressure taps located on the surface of
both Ring Wing 1 and Ring Wing 2 as indicated in Tables 16 and 17,
respectively. Taps identified as ’‘WlUi’ and 'W2Ui’ are loccated on
the section profile, both inner and outer wing surface at 19
locations. Pressure taps prefixed ’‘WlPi’ and 'W2Pi’, ’'W1iLi’ and
'W2Li’, and 'W1Si’ and 'W2Si’ are located at 90 degree girthwise
increments at six .-locations along the section profile. The pressure
- taps are arranged on the wings at a 45 degree angle from the support
atruts, as shown in Fiqure 9 for a typical cross section. Table 18
and Figure 17 identify the surface pressure taps on Ring Wing 1 and

Table 1 and Figure 18 identify the surface pressure taps on Ring Wing 2.
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fable 16. Surface pressure tap identification scheme - Ring Wing 1

Pressure Tat Pressure Tap Humber of
Identification Location Pressure Taps
Wlui Ring Wing 1, top cf submarine, i9
both inner & cuter wing surface

Wiri Ring Wing 1, port side of submarine, 6
both inixer & cuter wing surface

wiLi Ring Wing 1, bottom of submarine, 6
poth inner & ovier wing surface

¥18i Ring Wipg 1, starboard side of submarine, o

bsth inner & ovter wing surface

Total svrface pressure taps 37
Ring Wing 1

Table 17. Surface pressure tap identification scheme - Ring Wing 2

Pressure Tap Pressure Tap Number of
Identification Looation Pressure Taps
w2031 Ring Hing 2, top of submarine, 19
both inner & outer wing surface

wW2Pi Ring Wing 2, port side of submarine, 6
both inner & outer wing surface

W2Li Ring Wing 2, bottom of submarine, 6
both ianer & cuter wing surface

WZSi Ring Wing Z, starboard side of submarine, 6
both inner & outer wing surface
Total surface pressure taps 37
Ring Wing 2
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Tap No.

wiul
wiu2
wius
wWiu4
Wipr4
WiL4
wis4
Wius
wiue
wiP6
WiL6
w1s6
wiu7
wlus
wir8
WiL8
Wiss
wivu9
wivio
wivull
wiulz2
w1G33
W1lPi3
WlL13
wisis
Witl4
wW1yls
wWiP1s
w1L15
W1s1i5
wilulé
%1017
wWirl7
wiLl?
wWisl?
wluisg
wWill5

Table 18.

X

13.46990
13.49061
13.50970
13.54744
13.54744
13.54744
13.54744
13.62227
12.7707Z
13.77671
13.779711
13.77071
13.91966
14.06802
14.068¢22
14.06802
14.06802
14.142590
14.17938
14.17862
14.14085
14.06538
14.06538
14.06538
14.06538
13.91452
13.76258
13.76350
13.76358
13.7€6358
13.61334
13.,54022
13.54022
13.24022
12.54622
13.56387
13.48609

4

0.43004
0.45627
0.43706
£.43669
1.606000
-0.43669
0.00000
0.43351
0.42201
0.009000
-0.42301
0.00000
0.40936
0.38395
0.006000
-0.38895
9.09000
0.37536
0.36759
0.35043
0.347i5
0.34211
06.00000
-0.34211
0.8000C
0.33951
0.349¢03
0.80608
-0.34303
0.00009
0.374:13
0.39366
6.00900
-0.392366
6.60009
0.40656
9.41476

Ring wing I pressure tap lccations

¥4

G.90000
0.06000
0.00000
0.90000
0.4366%
0.8C0600
-0.43669
0.00GC0
0.00000
0.42301
0.00000
~(.42301
0.09000
0.06000
0.38895
0.00000
-0.38895
0.00000
0.000090
0.00600¢C
6.00000
0.0009%
0.34211
0.60000
-0.34211
0.000006
0.00000
0.34903
0.00000
-0.34903
0.00000G
0.00000
0.32366
0.09000
-0.39366
©.00000
0.0908¢C

Note: All dimensions are mcdel scale in feet
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x/c

0.06000
0.0250
0.0500
0.1000
0.1000
0.1000
0.1000
0.2000
0.4000
0.4000
0.4000
0.4000
0.6000
0.8000
0.80800
0.8000
0.8006
0.90600
0.9500
0.9500
.9000
©.8000
0.8000
0.8000
0.8000
0.6000
0.4000
0.49000
.4000
0.400¢
0.2500
0.1000
0.1000
0.1000
0.1000
0.0500
G.0250
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Table 19. Shroud 2 pressure tap locatiors

Tap No. x '4 z x/cC
S2Ul 13.46990 0.47681 0.00000 0.0900
s2U2 13.491907 0.48121 0.00000 0.0250
S2U3 13.5101¢ 0.48028 0.608000 0.0500
LYARS 13.54773 0.47667 0.00000 £.1900
S2p4 13.54773 0.06000 0.47667 0.1000
S214 13.54773 -0.47667 0.00000 0.100¢0
S$254 12,54773 0.006G00 ~0.47667 0.1000
S2us 13.922090 0.46698 0.0C0060 9.2000
S205 13.76897 0.44359 0.900000 0.4000
5226 13.768%7 0.00000 0.44359 0.4000
S2L6 13.76897 -0.44359 0.000090 0.4000
5286 13.76897 0.00C00 ~0.44355 0.400¢
5267 13.391557 0.41706 0.00000 0.600C
s208 14.06219 0.38375 0.00000 0.8000
S2pr8 14.06219 0.900000 0.38375 0.8000
S2L8 14.96219 -{.38375 0.00000 0.809¢0
5258 14.06219 0.00000 -0.38375 0.8000
S239 14.13520 9.35372 0.00000 0.9000
S20190 13.17157 0.35274 0.00000 0.9500
S2011 14.169¢02 0.33574 0.00000 0.9500
S2U12 14.13110 0.23576 0.0092090 0.9000
S2U013 14.05543 6.33731 0.006006 0.80060
S2pP13 14.05548 0.00000 0.33731 0.8000
S2L13 18.05548 -0.33731 0.00000 0.8000
$2s813 14.0554C 0.00000 -0.33731 $.80060
S2014 13.9049¢6 0.34787 0.00000 6.6000
S2ul5 13.75541 0.37052 0.00000 0.40600
S2P15 13.75541 0.00000 9.37052 0.4000
S2L1¢& 13.75541 -0.37052 0.60000 $.4000
$2815 13.75541 0.00000 -0.37052 0.4080
32016 i3.60853 0.40855 0.00000 0.2000
S2G17 13.53679% 0.43444 0.0000¢C 0.1000
S2P17 13.53679 0.00Q00 0.43444 0.1000
S2L17 13.53679 -0.43444 0.0000¢0 0.1000
§2517 13.53679 0.00000 -0.43444 0.1000
S2U18 13.508169 0.45046 0.00000 0.0509
$2919 13.42460 0.46018 0.000CD 0.9250
Note: 2all dimensions are model scale in feet
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Appendix A, Listing of computer ccde to
generate axisymmetric hull

T2 X222 FZ2&E2 2R 222222 222 222 222222222222 22X P2 22X 2222 PR LL Y 2

DARPAZGEN.FOR

22222222322 322 22222222223 2222232222223 222222222223 P22

THIS PROGRAM CONTAINS FCLLOWING EQUATIONS FOR
GENERATING CFFSETS IN FEET FOR DARPA2 MODEL
WITH (FULL/MODEL) SCALE RATIO = 24.

INCLUDED ARE:

BOW EQ. FOR 0.0 FT <= X <= 3.333333 fT, -
PAPALLEL MID-BCDY EQ. FOR 3.333333 FT <= X <= 10.645833 fT,
AFTERBODY EQ. FOR 10.645833 FT <= X <= 13.979157 FT,-
AFTERBODY CAP EQ. FOR 13.979167 FT <= X <= 14.291667 FT.

AS SET UP HERE, OFFSETS ARE COMPUTED EVERY 0.1 FT.
(EXCEPT IN FIRST 9.5 FT, WHERE THEY ARE EVERY 0.01 FT)

OOAONANNOAAONNOONANNND

DINENSION X{300), ¥(300)
REAL X0, X}

AERBREARARARRERRARRARRRARA AR AR R AR

DEFINE CONSTANTS

(233232 23232222 2222222 2222222232

nnNOOONnnN

RMAX = 0.82333333
XB = 3.333333
XM = 10.645833
XA = 13.979167
XC = 14.291657
CBl = 1.1263951G1
CB2 = 0.442874707
c83 » 1.0/2.1

RH =« 0.1175

KO = 10.0

Kl = 44.6244

XX = -G.01

X = 0.01

DO 1000 I=1,300

NP = I

XX = XX + DX
IF{XX.GE.0.5) DX = 0.1
IF(XX.GE.XA) DX = 0.01
IF(XX.GE.XB) GO TO 200

L2232 2232222223222 2222222222222

BOW EQUATICON

ERARRARARREALRRARARAARARRENNAASS

anaaann

A= 0.3*XXx - 1.0
A3 = pre3
Ad = Arxg




2] AOOONNO (]

aNnOONnN

(]

c
C
Cc
c
C
C
c

B=1.2*XX + 1.0

R = CB1*XX*a4d + CB2#XX*XX*A3 + 1.0 - A4*B

R = RMAX*(R**CB3)
X(I) = XX

¥(I) = R

GO TO 1000

200 COKTINUE
IF(XX.GE.XM) GC TO 400

ARARRARRRARRAREARRARACRRRRRSRSAR S

PARALLEL NMID-BODY EQUATION

AERAERREARRARRASEARRARAARESEAAAARESN

X{I}) = XX
¥Y{I} = RMAX
GO TO 1000

400 CONTINUE
IF(XX.GE.XA) GO TO 600

3322232222232 232222 2222322 22X 222 2]

AFTER30DY EQUATION

AREREREARRRAIRNARARRARAAEEARR LSRN RD

XI = (13.979167 - XX)/2,333
Cl = RE*RH

C2 =

C3 = ( 20.0 - 2C.0*RH*RH -
Cé4 = (-435.0 + 45.0*RB*RE =«
C5 = ( 36.9 — 35.0*RH*RH -
C6 = {-10.C + 10.0*RH*RE +
R = RMEX4*{Cl+T2+C3+C4+C5~CH
X(I) = XX

¥(r) = R

£0 TC 1300

600 CONTINUE
IF{XX.GE.XC; GO TO 1106

RERNRRARRPARRRRRRERAERAAARAARINR

AFTERBODY CAP TQUATION

(2222222222322 222222222222 2222 2]

Re 1.0 - (3.2*Xx - 44.7333
R = RH*RMAXt{R#**{).5)

X(1) = XX

¥{I) = R

1000 CONTINUE
1100 CONTINUE

Cc
c

X{NP} = XC
Y{(NP) = 0.0

b3 A2 2222222 22222222 2222 222X 2

333

RH*EQ
4.0*RE*X0D
6.0*RE*KD
4.0*RE*XD

RHE*X0
}x=G .S

33)%+2

*XI*XI
£.333333+R1j2XTI#*3
Ki1}»XI*e4
K1)*X12#5
0.233333*K1)*XI*26




WRITE OFFSETS TO TAPE 6
IN IPLOT FORMAT

2222222222222 2222222222222 22

anoaonn

WRITE({6,1)
1 FORMAT(’DARPA2’)
WRITE(6,2)
2 FORMAT( 'MODEL WITH {MODEL/FULL) = 24°)
WRITE(6,3) NP
3 FORMAT(IS) -
4 FORMAT(2r10.5,3X,2F10.5,3X,2F10.5)

ALL DONE, PROGRAM ENDS '

non

STOP
END
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Appendix B. Listing of computer code to

generate fairwater
c
C REVISED 11-JANUARY-1989
c

Chikdkkkhkhhhkrrhkthhdhhhhdhddhhkhrthhkhhhhdddhdrddhdidhhdhdhhhhkin

c DARPA2GEN2.FOR
c
c*“***********i*i******i*********i*****t**i*i******i**i********
c
C TBIS PROGRAM CONTAINS FOLLOVING EQUATIONS FOR
C GENERATING OFFSETS IN FEET FQOR THE SAIL OF
C TBE DARPA2 MODEL VITH (FULL/MODEL) SCALE
C RATIO = 24.
c
C INCLUDED ARE:
C SaIL FOREBODY EQ. FOR 3.032986 FT <= X <= 3.358507 FT
c 0.833333 T <= Z <= 1.507813 FT
C SAIL HID-BODY EQ. FOR 3.358507 FT <= X <= 3.559028 FT
c 0.833333 FT <= Z <= 1.507813 FT
€ SAIL AFTERBODY EQ. FOR 3.559028 FT <= X <= 4£.241319 FT
C 0.833333 FT <= Z <= 1.507813 FT
C SAIL CAP EQ. FOR 3.032986 FT <« X <= 4.241319 FT
Cc 1.507813 FT <= Z <= 1.562501 FT
C
C OFFSETS ARE COMPUTED EVERY .005 FT.
c
c

DIMENSION

. NP(300),
- X(300,50,3)

c
Chihktttdhhhhkiktdthdhhdhihitdtitidd
c
C DEFINE CONSTANTS
Cc
Chiktidkdkkhbkddttidbhihidtthhhddad
c

Al = 2.094759

31 = 0.207178

A3 = 2.908891

B33 = 1.234491

c3 = 3.444817

D3 = 3.850435

E3 = 2.080019

BMAX = 0.109375

DX = 0.005

DXo « 0.005

XXCST « 3.032986

XXAFN = 4.241319

XXFFN = 3.358507

XXMFN « 3.55%028

X25T =« 1.507813
<
CRARAZRRERARRRARRRDARRAARRRARARRAR
c
C CALCULATE
c
CEERARARERARRARRRARRAAR R KR ARRERRAR
c

XX=XXCST-DX

DO 1000 I « 1,300

X2=X2ST

x(I.1’3).n
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J=1

¥X=XX+DX
X{7,1,1)=XX
It (EX .£T. XXATN) THEN
JI=3-3
GuTC 1014
ENDIT

IF (XX .GI. XXFFN) GOTO 1002
e

W

ChrhtkkhkhkdkkXhikEhkhrkk Atk hdrThkR

<
C SAIL FORESCDY EQUATION
~

-

ci*it**ii****t**ik*’*txiiiéi*****
c
D=3.072000% (XX-3.63209856)
DM1=D-1
A=24D*(DN1+44)
BxD*D#* (DH1%+3)/3
Cal-((DH1**4)*(4#Ds1))
X(1,1,2)=HMAX*(SQRT(A1*A+B14B+C))
GOTO 1004
c
C2ikhkkhkkkkhkkhkhkhhkAkRkrhkhhrhkkddREAR
c
C SAIL MID-BODY EQUATION
c
ChEkkARERAAAAkARAIRRAARRE R LA RARER
c
1002 CONTINUE
IF (XX .GT. XXMFN) GOTO 1003
X(1,1,2)=HHAX
GOTO 1004
c

CRARAREAKARERRAAR L AL AR A AR AR Ak Ad

c

C SAIL AFTER BODY EQUATION

c

c*tttt****t*******t****i**i*t***ﬁ

c

1003 CONTINUE

E=(4.241319-XX)/.6822917
F=E-1 _
G=2.23B3614E#F4+4
Ba=3.106529% (E+#2) % (F443)
Pel-(F*+4)*(4*E+1)
X(1,1,2)=.1093750*(G+H+P)

c

C*tiititi*t**it*it**it**t*it*’tﬂt

c

C SAIL CAP EQUATION

c

c
1004 CONTINUE
XZEND={X{Z,1,2)/2)+1.507813
NP(I)=1
DO 1008 J=2,50
ICON1<0
1005 XZ=XZ+DX
X(1,3,3)=X2
IF (XZ .GT. XZEND) THEN
ICON1=ICON1+1




IF (ICON1 .EQ. 1) THEN
XZ=¥X2-DX
DX=.0005
GOTO 1005
ENDIF
IF (ICONi .FQ. 2) THEW
X(I,3,2)=0.0
X(I,J,3)=XIEND
K2(I)=J
1Co¥1.0
DX=DXD
GOTO 1900
ENDIP
ENDIF
ADUH={%(T,1,2)%*2)-{(2*{X2-225T)}**2)
X(I,J,2)=SQRT{ADEY)
1008 CONTINUE
1000 CORTINUE _
c -
Ciﬂt*t**i*i***i*iﬁi*itt***’ti*tk
c
C VRITE OFFSETS TO TAPEG
€  IN IPLOT FORMAT
c
c**itiii*iti*ttfiiﬂitt*iitiﬂﬁ*
c
1014 OPEN(6,STATUS="NEW’ ,FORHx=* FGRMATTED” ,FILE=*TP6* )
VRITE(S,1015)
1015 TORMAT(’DARPAZ SAIL’)
VRITE(6,1016)
1016 FORMAT(’MODEL VITE (MGDIL/FULL) = 247)
VRITE(S,1017)KT
1017 FORMAT(IS)
VRITE(6,1018) (X(I,1,1},X(1,1,2),I~1,N1)
10:8 FORMAT (2F10. 5, 3%, 2F10.5,3%,2F10.5)
D0 1013 I.1,NI,8
VRITE(6,1009)I
100% FORMAT(I3)
VRITE(S,1010)X(I,1,1)
1010 FORMAT(® X=' ,F7.3,¢ FEET*)
VRITEL6,1011) (NP(I)+1)
1012 FORMAT(I5)
VRITE(6,1012) X(I,1,2),1.5 - z
VRITE(6,1012) (X(I,J,2),X(I,3,3),=1,NP(I})
1012 FORMAT(2F10.5,3X, 2F1G.5,3X, 2F10.5)
1013 CONTINUE
666 STOP
END

60
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Appendix C. Listiag of computer code to
gererzte scexrn appendages

AREARELARRRARARRN AR AR R RRERR AN RRAARAIRAARAXARVAR AR P AR IS b2 oA ds

DARPA2ZSTERNP2PP.TFTOR

E 2 R 222222222222 222 2R R s 224223 L RRRRRR X2 LR LAY TR PP PP WRFPUp eIy

THIS PROGRAM DEFINES THREE-DIFENSIONAL (X, Y, 2}
OFFSETS FCH DARPAZ CTERY APFENDAGES WITH TRAILING
EDGE LOCATED AT TEREE DIFFERENT VALUES OF AXIAL
LENGTH X. FOR EACH ANIAL PO3ITICN, FTOUR IDENTICAD
STERN APPENDAGES 2RI MOCHTED ON THE AXIZSYNMETRIC
HOLL EUrFACE AT TOP-DEAD-CEKTZR, 90 DEG, 150 DEG,
ARD 278 DPECG AZIMUTHALLY.

(X, RR, Z} = CARTESIAN SOCKDIMNATES I SEET

H = X CCORDINATE OF S5TERN APPENDAGS TRAILING EZDCE.
#(1) = 312,729¢€17
B{2) = 13.146284 = BASCLINE
H{3} = 13.552959

CcY = CHRORD LENGTH = -0.155338+8R + 0.2885¢

DIMENSION XXI(19}, H{3;:

O O0AARNONNONAAAOANANNNONONNNND

PARAMETER PBE e & 1175, ARU = 18.0, BXi = 44.6243
DARAMETER NP = 19, RMAX = 0.R333;3

Cc
DATA XX1/0.0, 0.005, 0.90125, ¢.025, 0.0%39, 9.907%, 90.1900,
1 0.15¢, 0.200, 0.3500, 0.36C¢, 5.400, £.3500, 0.§C5,
2 0.700, 06.8069%, 0.9980, §.9506, 1.000/

c
DATX: H/12.729€£17, 13.146284, 313.562930/

<

C 4t R Rk ARk N AR I I AR AR AP AN RARRARRRAASINR AR SRR

c

T LOGP CON TEE LGCATION OF 3TERN

c APPENDAGE TRAILING EDGE

Cc

C #ra kst At AR R AR R ACARAARASAARAARE SRR A ARSI AR

c

DO 900 X=1,3
8 = K{K)
WRITE(6,1) BHY
1 FORMAT(//2X,'STERN APPENDAGE TRAILING EDGE LOCATED AT X =’
1 £10.3)
DX = 3.05
X = BH + DX

REAREREARLEARRANRARAARANXEARARRS, AP AARANRARCRR R

LOOP ON TEE AXIAL POSITION X.
BEGIN AT STERN AYPENDAGE TRAILING
EnTT AND MOVE FOSWARD IN X.

ARARE R R AR RN e R, AL R SRR R ERIELAREREAERENNARASS

c
Cc
C
C
C
C
C
C
c




DC 800 3 = 1,32
X=X~ DX
IF(X.GT.BE} GG TO 850

é RARAR R ERERLERARRADRPARR AR R A AR NP S LA A SRR A SR 2N RN

C

< SIFINE EULL RADIUS AT VALUE €0t X

o4

c AP LR AL RRIRELNRCR AR AR SRR AR R AR RARNE SRR AR wh

C

- XiB = (13.979167 - X}/3.333313

A= RU*REB + RE*aKD *XI1B*X1B
8= ( 20.9 - 26,0*=45*a8 - 4 _QO*RE*AKD - 8.333333» A!i‘*”’“*"
C w» {-45.0 + 4S.0*RH*RH + S5.0*REI*AXG + ARI}*XIB®*4
D= { 368.2 - 36.0*Ra*RY - 4_O+*RE*ARD -~ AKI)*X?=**S
E = {-10.0 + 10.02RB*RY =+ RAE*AKD + 0.33233323%1 }+XIBe*§
REBA = A + B+ C ~D + E
RH22 « RMAX*SQET({RHA)
REAS = RHA*REA
R2 = 0.075
DELR = 0.025
ITE = @ .

c

c AR RIREERARARASRARALARAS S AR ARP R 2 A SRRt kA RS OR

C

Lof LOoC® ON RADIUS.

C BEGIN WITI & = 0.1

c

c CPEXRRARPEARPIRA A LA AAL»rOE N 2RSS ARARR IS ArAn R

o4

30 780 :e3,33
FR = RR + DZLR
$26 CCHNTINUE
CY = ~-3.456308*KR ~ 0.5885%
XI = (X-BH!/CY +# 1.0
IF(XI.LT.0.0 .OR. XZ.GT.1.6) G& T0 7%

R ANRXFAECP IR AARALARARRCAD VL R P LARAARAREARTRINRA

DEFINE STERN APPLINDAGE

annaano

REEEPRARZAINARARAR I LS ARSI AR A R e AR NS LRANOTSN
2 = 2.29C30*SOET{XT) ~ J.:12500*XI - 0_.351594XI+XI
i < (5.28320#XT*23 -~ $.104582XIne3
2 = CI* 2
SB35 = RR*RR ~ 7+3Z

RESIZRP P AR SR IRS AL CNI AR L AR R ARG RARIRRRLEERARAS

IF STERX APPZNDAGI LOCATED
INSIDE EODY, INCREASE =

*LEt SRR LR R A RINTIRSRC AR iR IR SRARARASESRI AN

1
MO0 Aan

) IF(SRS.LT.RHAS. AND. ITR.EQ.C) GO TO 70v

PEITR L RRE R AL SRR R RARLEERNER AR AR AL ARRSASAERRR

IF STERYN APPENDAGE LOCATED
ON BODY SURFACE,

(e Xy N Nu X3

(s
tad




NRAAOOONMN K000

NOAONONAAN

NAANNMNO

e NaNe Re Ne Na XuXi!

GO TO 710 TO DEFINE
STERN APPENDAGE SECTION.

(22 222222222 R 222222222222 2222222222 8RR

IF{ARS(SRS-REAS}.LE.0.00001) 50 TO 710

RELARF L XXX ARRREIRNARREAARRNRAR R A ANRA R AR SN DS

STEEMN APPENDAGE IS "CLOSE"
TO BULL RADIUS, GET CLQSER.

REAET PR GR LSRRG AT REAE L AR INS LR LA ISR A SRS R AE S

ITR - ITR + 1

IF{ITR.GT.29) STOP1

DELR = J.5*DELE

IT{SRS.CT.22AS) RR = RR - DELR

IT{(SRS.LE_ REAS) RR =« RR + DELR

GD TS £22 -
730 CORTIRUL

83 TO 800
710G LONLINUE

EXRRARRR AL P ARRLERLELER ARSI AAIRER AU DERNL 2SR ARERY

SCLVE FOR STERN APPENDAGE SZCTION
AT GIVEYN RADIUS

REERRLCRRF R LR I RERLEE 2R ARttt ARR R AREANR

CY » -3.486308+*LY + 0.65385%
17590 = 9
RINIT =« {X-HHA)/CT + 1.0

PEAERARTEXERARREARRLPNEREESIRAARR SR NARANREERLR

T0OF ON XI

REARRRS L 22 P R CL TR RLCIRRAC R R TR RERE ARSI AT RS RS

DO 5868 1=1.NP

X3I = XXI(I;

IT{XI.LT.XINIT?: GO TO 750

CONTINUE

*I =« XX3I(1)

IF{i755.2Q.0) XI = XINIT

XXX = {XI-1.0)*CY + HH

IF{XI.LT.0.0 .CR. XI.GT.1l.8) GO TO 750

Z » 3.29¢50*SQRT(XI) -~ 0.12600*XI - B.35160*XI*XI
1 + 0.283202X12%3 ~ 0.10450*XZT++g

T e Y *xZ

o
13
(]

A2 E 222222202 X2 2222 2222222222 2222222 2222 2

PRINS X, ¥, (+/-)2 VALUZS
TO PRINTER FTILE 6

EENRERLEABRARNAPER LSRR S RARRRARARPIARLoONRARS




e XaNs NeNeNeRsNaNaXg]

anNoaoaonn

IF{ITI0.EQ.08) WRITE(S5.2)
2 PORMAT( /EX,1HX,9%,1BY,6X,8B(+/~})2}
WRITE’6,3) XXX, ®R, 2
3 FORMAT({3F16.5) )
I758 = I750 + 1
RBSraX = RR
IF(I750.58.1) GC TC 746
750 CONTINUE
B0O CONTINJE

REER L AR A A RNA AR ARG AL AR RS AR AN A AR R A A A RN

COMPUTED ALL STERN APPENDAGE SECTIONS
¥BICH INTERSECT EULL.
NOW COMPFUTE STERN SECTIGHS
PiTE R2DIUZ LARGER THAN HULL RAEDIVS.

PRI EZXRARREAAARSRI YIRS R ARSI A ASARA DR LR A iRt Rt

DELR = 0.05

DO 850 I=3,NP

AC = RR

RR = RESMAX + I®DELR

IF{RR.GT.RMAX) RR = RMAX
IF{RR.EG.RO) GO TO 360

CY = -0.466308*RR + 0.8885§
WRITE({6,2)

PO 840 J=1,NP

XX = XXI(J)

XXX = {(XI-1.0)*Cy+BH

2 = D.22630*SQRTIXI)} — 0.12500+XT - 0.35160*XI*XI
1 + 0.28520*XI**3 - C.10450*xXi**¢4
2 =CY * 2

L2 X2 LR 2222222222222 22222222 F 22222 222 2

PAINT %, Y, (+/-)Z VALUES
TO PRINTER FILE &

R R A AR AR R AR AR R AR R R RN AR AR R AL AT IR SRS

WRITE{6,3) XXX, RR, =
B840 CONTINUE
850 CONTINUE
900 CONTINUE

STOP

END

"
w
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Appendix D. Listing of cosputer ccde to generate ring wings

& Ekkxkhkikordthkikkthkkkhkthkhkkhkhhkkkhkkki €axkkikd thkhhidhrhhkhkhkkkiikkt

P2OCGRAY DARPAZVINGS

Fkedihkid kkkk x kP okt kikkikkihckik kikihkdkikkikkiikhkdkikikkkk

1d7S PROGRAM DEFINES THE D&RPA2 RING VINGS

THE DARPA2 VINGS USE TiE NAC26S (DTXSRDC i10D)
THICKMESS DISTRIBVTION
AND
THE NACA A=).4 MEANLINE

DIMENSTON ZC{26), ¥C(26), ICP(26)

DIMENSION B{17), YT{26)

DI#ENSION XU(26), YU{253j, XL(26), YL(29)
DIMENSYOW EDLE(2}, YD'.E(2), XODIE(2), YTDTE(Z)

XC ARRAY ARE THE XL, T VALGES CURRENTLY USED TO UEFINE WiNs.
DATA XC/0.0, 0.605, 0.€¢075, 0.0125, G.025, 2.95, €.075, 0.:0,

0.15, 0.20, 0.25, 6.30, 0.35, 0.43, .45, 0.30, 0.55,

1
2 0.6¢, G.€5, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 1.0/

B ARRAY CONTAINS COEFFICIENTS FOR CALCULATION OF THICKNESS DI:IR.

DATA B/0.43756, -0.08136, -0.06496, -0.01926, -0.00185,

1 0.00348, 0.00156, -0.00113, -0.00058, 0.00027,
2 0.00080, 0.00006, -0.00027, -0.09033, 0.00005,
3 0.00014, 0.00008/

XDLE, YDLE ARE LEADING EDGE X, R OF VING
XDTE, TDTE ARE TRAILIXG EDGE X, R OF VINKs

DATA ZDLE/13.46%390, 13.46990/
DaTA YDLE/Q.43004, 9.47681/
DATA ADTE/14.21661,14.207¢/
DATA YDTE/0.35659. 0.33856/

THE ZNTIRE PkOGRAY IS EXERCISED TW0O TIMES.
“BE FIRST TIAE, VING 1 IS DEIINED.
PING i 3AS LEADING EDGE aT (X=13.46930, Y=0.4300%)
AND TRLILLWS EDGE AT (X=14.22Z, ¥=0.3558)
THE SECOHD TIME, VYiIKG 2 IS DEFINED.
VING 2 FAS I.EADING EDGE AT (X=13.46990, Y=0.3533)}
ANL TRAILING EDGF. AT (X=14.23, Y=(0.33€28)

NXC = 26
DO 3300 KK = 1,2
VRITE(6.2)

ThEikhhkEtkikit kv

DEFINE HELN LINE




C  dkdkkkdhdhhkicdkk sk
c
DO 100 1-1,NXC
X = XC(I)
D=20.4-X
E=10-X
IF(ABS(X-0.0).LE.1.0E-20) X = 1.0E-30
IF(ABS(D).LE.1.0E-20) D = 1.0E-30
IF(ABS(E).LE.1.0E-20) E = 1.0E-30
IC(I) = -0.049921%(0.5*D*D*ALOG(ABS(D)) - 0.5*E*E*ALCG(E)
1 + 0.25*%E*E - 0.25%D*D)
YC(I) = YC(I) +0.029953*(X*ALOG(X) + 0.227828 - 0.531076*X)

nonou

YCP(I) = -0.049921*(EXALOG(E) - D*ALOG(ABRS(D)))
1 + 0.02995253*(ALOG(X) + 0.4689244)
c VRITE(6,1) I, 100.*XC(I), 100.*YC(I), YCP(I)
1  FORMAT(IS,2F10.3,F10.5)
100 CONTINUE
VRITE(S,2)
2 FORMLT(//)

!
|

DEFINE THICKNESS DISTRIBUTION
dokdedddkkdh Aok Rk i dod gt st gk k

aacoaaaen o0

NSER = 17
D0 200 I-1,NXC
X = XC(I)
IF(I.GE.16) GO 10 150
OM = ACO0S(2.0%X-1.0)
7 = 0.0
D) 125 J=1,NSER
YY = YY + B(J)*SIN(J*IM)
125 CONTINUE
@) =YY
GO TO 199
150 CONTINUE
XCl = 1.0-3C(1;
TT(I) = 0.933233 + 1.696969%XC1 - 1.441%43%ECI*XC1
1 -0.366363*XC1*%*3 4+ 0.333049*XC1*+*4
199  CGNTINUE
YT(I) < 0.1*YT(I)
WRITE(6,3) I,X,YT(I)
3  FPORMAT(i3,F10.2,Fi0.3
2G0 CONTINGE
VRITE(6,2Z)

(g}

ARAEAAE PR AIRERAIER S LT T A %L

DEFINE DARPA2 VING

TEERIRRLEAT NI IR A ERRARL XA h AN

REYESErEeNe Nr X

YLINIT = 0.%9425
YLINIT = $.0258
CdOrD = €.0525
XU(1) = 0.C

TU(1)
XL(3)
TL(%)
I=1

(LU I T I 1]

0.
0.
o

OO0
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. c YRITE(6,6)
6 FORMATf2X,1HI,3X,4B XU ,SX,4H YU ,5X,4H XL ,5X,4H YL ,6X,3HX/C,
1 7%, 28YT, 7%, 2HYC, 4X, THDYC/DXC/
5 FORKAT(I3, 4F9.5, F9.4,4F9.5)
c VRITE(6.5) I,XU(I),Y¥(I),XL(I),7L(I),XC(I),¥T(I),¥C(I),YCP(I)
DO 300 I=2,NXC
TH = ATAN(YCP(I))

SINTZ = SIN{TH)
COSTE = COS(TH)
XU(I) = XC(I) - YT(I)*SINTE
YU(I) = YC(I) + YT(I)*COSTH
XL(I) = XC(I) + YT(I)*SINTH

YL(X) = YC(I) - YT(I)*COSTH
VRITE(6,5) Z,XU(I),TU(I),XL(I),YL(I),RC(I),TT(I),YC(I),YCP(I)
300 CONTINUE

Fhkdck ittt hikt dddekkkIrk kP i i hkhkkikikhkkid

REFINE PEYSICAL WING DIMENSIONS

R d kRt dhdhhhkkhirkihkiikihhd dhdikkikik

aAaaaaaoon o

PHI = ATAN2{(YDTE(KK)-YDLE(KK)), (XDTE(KK)-XDLE(XK)})
CS = COS(®HI)
SN = SIN(PHI)
CHORD = SQRT(/YDTE(KK)-YDLE(KK))»*2 + (XDTE(KK)-XDLE(RK))**2)
£ VRITE(6,444) XDLE{KK),YDLE(KK), XDTE(KK),YDTE(KK)
444 FORMAT(2Z,’ (XDLE,YDLE) = ‘,F10.5/2X,’ (XDIE, ¥DTE) = *,F10.5)
URITE(6,6)
DU 40C I-=1,NXC
XUU = XU(T)
XU(I) = XDLE(RK) + CSORD*(XU(I)*CS - YU(I)*SN)
YU(I) = YDLE(KK) - CHORD*(XUU*SN + YU(I)ACS)
XLL = XL(I)
XL(I) = XDLE(KK) + CHORD*(ZL(I)*CS - YL(I)*SN)
YL(I)} = YDLE(KK) + CHORD*(XLL*SN + YL(I)*CS)
VRITE(6,5) I,XU(I),YU{I),XL(X),YL(I),¥C(I),YT(I),YC(I),¥CP(I)
4  FORMAT(IS,4F10.5)
400 CONTINUE

Fhkdcdhkdkkihkkik kkikkhkhhikidihkikhkhhkihkiikkifkik

WRITE VING OFFSETS TO FILE 7 FOR IPLOT

Fhikkikkihkikidhkkkiiiiihiihkikkhkikihhidhiiihkihk

aaaaaan

IF(KK.EQ.1) VRITE(7.10)
10 FCRMAT(’S1’)
IF(RK.EQ.2) WRITE(7,11)
11 FCRHAT(’S2’)
IF(KK.EQ.1) WRITE(7.12)
12 FORMAT('DAPPA2 RING VING 1 )
IF(KK.Z2C.2) WRIT=(7,15)
15 FORMAT{’DARPA2 RING VING 2 *)
NXC2 = 2*3NXC
¥RITE(7,13) NXC2
13 FORMAT(IS)
DO 500 1I=1,NZC2
IF(I.GT.NXC) GO TO 450
VRITE(/,14) XU(I),YU(I)
GO TO 530
450 CONTINUE
J = NXCZ-I+1




GO TO 500
450 CONTINUE

J = NXC2-I+1 :

WRITE(7,14) XL(J),YL(J)
S00 CONTINUE i
14 FORMAT(2r10.5)

I 2222222282222 22222222223 22X 23

PRINT OFFSETS IN AMI FORMAT
ONTO FILE 9.

tE 22 222222222222 X2 222 2222222222 33

ancnanNnaan

DO 600 I=1,NXC2
IF{I.GT.NXC) GO TO 550
J = NXC-I+1
WRITE(9,14) XL{J)}, YL{J}
GO TO 60C
550 CONTINUE

K = I-NXC
WRITE{9,14) XU(K),; YU(X)

600 CONTINUE

1000 CONTINUE
STOP
END
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APPENDIX E
LISTING OF COMPUTER CODE TO GENERATE

RING WING STRUTS
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Appendix E. Listing of computer code to
generate ring wing struts

EZXE 22X 2322222222222 222222222 22 2 2 2 X

PROGRAMHM DARPA2STRUT

I3 Z2TX2ZF2SETEESEESEILIS 222222222222 2 222Xz s R

THIS PROGRAM DEFINES THE STRUT WHICH ATTACHES THE
DARPA2 AXISYMMETRIC RULL TO THE DARPAZ2 RING WINGS.
THE SAME BASIC STRUT IS USED TO ATTACH BOTH
RING WING 1 AND RING WING 2. THE UPPER PORTION OF
THE STRUT MUST BE MODIFIED TO FIT EACE WING.

THIS PROGRAM DEFINES A SINGLE STRUT WEITH WOULD
ATTACH TO THE DARPA2 AXISYMMETRIC HULL ALONG

THE UPPER SURFACE (I.E., THE SURFACE WiTH THE
FAIRWATER). FOUR IDENTICAL AXIMUTEALLY EQUALLY-
SPACED STRUTS WILL ATTACH THE RING WING AND THE HULL
AT A 45 DEGREE INCREMENT FROM THE SURFACE PRESSURE
TAP LOCATIONS. THE STRUTS WILL BE PLACED

AT 90 DEGREE INCREMENTS.

THE BASIC STRUT SHAPE IS A NACA 0012 THICKNESS
DISTRIBUTION MODIFIED TO END AT A POINT.
THE CHORD LENGTB IS 0.25 FEET.

STRUT LEADING EDGE ATTACHES TO:
HULL AT X=13.589, R=0.14726
RING WING 1 AT X=13.63845, R=0.36886 (X/C=0.233)
RING WING 2 AT X=13.64487, R = 0.39755 (X/C=0.25)

STRUT TRAILING EDGE ATTACHES TO:
HULL AT X=13.83582, R=0.10547
RING WING 1 AT X=13.88818, R=0.34002 (X/C=0.5651)
RING WING 2 AT X=13.89023, R=0.34932 (X/C=0.5804)
DIMENSION XC(19), XUL(19), YUL(19), 2U(19), ZL(1i9)

DATA XC/0., 0.005, 0.0125, 0.025, 0.05, 0.075, G.1, 0.15,

1 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, 1.0/
NP = 19
NR = 10

Rl = LE RADIUS OF STRUT AT HULL ATTACHMENT = 0.14726

R2 = LE RADIUS OF STRUT AT RING WING 2 ATTACHMENT = 0.39755

Rl = 0.14726

R2 = 0.39755

DELR = (R2-R1)/(NR-1)
R = Rl - DELR




2 FORMAT{/8X,*STRUT OFFSETS {IN FEET) AT RADIUS = ’,F10.5/

1 3%,’X PORT "3X,'Y PORT ’,3X,’Z BORT ’,5X,’X STBD ’,3X,
2 'Y STBD ‘,3X,*2 STBD '/)
X0 = 0.223221*R + 13.556128

c

€ 100 LOOP OVER STRUT CHORD

c
DO 100 I=i,NP
XI = XC(I)
XUL(I) = X0 + 9.243995*X1
YUL(I) = R - 0.054465*X1
2T = 0.152(0.296902SQRT(XI) ~ 0.12600*XTI ~ 0.35160*XI*X3
1 - + 0.283202X1*23 - 0,.10450+XI%x*4)
2U(I) = 27T
ZL{I) = -ZT
#RITE(6,3) XUL(I),YUL{(1),2U(I},XUL(I),YUL{I),ZL{I)

3 FORMAT(3r10.5,2X,3F10.5)
100 CONTINUE
200 CONTINUE

STOP
END




